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结果显示，添加碱金属可显著提高铁催化剂上 CO2 转化率和烯烃选择性。在经 5 
wt%K 修饰的 Fe 催化剂上，在 2MPa，340℃的反应条件下，CO2 转化率可达约
40%，烯烃选择性达到 50%以上，其中 C2−C4 烯烃收率超过 10%。催化剂表征结
果表明，碱金属促进了催化剂中碳化铁的生成，而该促进作用可能是催化剂性能
提高的一个关键原因。针对 K 修饰 Fe 催化剂的研究发现， K 含量也是影响催
化性能的重要因素。随 K 含量由 1 wt%增加至 5 wt%，CO2 转化率及烯烃选择性
均升高。但 K 含量过高，催化剂活性降低。这可能是由于催化剂比表面积和 CO2
化学吸附量降低的缘故。 K 含量在 5~10 wt %时，K−Fe 催化剂显示较好的烯烃
收率。在 K−Fe 催化剂中添加适量的 B 可进一步改善烯烃选择性而不显著降低
CO2 的转化率。当 B 的含量由 0.5 wt%增加至 5 wt% 时，C2−C4 烯烃选择性由 34%
增加到 52%，在 1.0 wt% B−5.0 wt% K+−Fe 催化剂上，C2−C4 烯烃选择性为 40%，
收率达到 12%。 






























Using CO2 as a raw material in the synthesis of chemicals and liquid fuel is an 
effective way to reduce carbon dioxide emissions. Research about the conversion of 
CO2 has attracted much attention. Light olefins are key building blocks for the 
manufacture of plastics, cosmetics, and drugs. Olefins with two to four carbons are 
generally produced by steam cracking of crude oil–derived naphtha, so there is an 
urgent need for alternative feedstocks and processes in view of supply limtations and 
of environmental issues. The utilization of carbon dioxide as a carbon resource for the 
production of f light olefins not only contributes to the alleviating global climate 
changes caused by the growing CO2 emissions, but also provides an attractive 
approach to reduce the dependence on the fossil resources. 
This dissertation focuses on the studies of hydrogenation of carbon dioxide to 
light olefins over non-supported iron catalysts. It was found that the addition of alkali 
metal ions into Fe catalyst led to remarkable increases both in the conversion of CO2 
and in the selectivity to olefins. Over the K-modified catalyst, about 40% of CO2 
conversions and more than 50% of selectivity to olefins could be obtained. The yield 
to C2-C4 olefins exceeded 10% over these modified catalysts. Catalyst 
characterizations suggest that the formation of iron carbide species is accelerated by 
the modification of Fe catalyst with alkali metal ions, and this enhancement may be 
one key reason for the enhancement in catalytic performances. For the K-modified Fe 
catalysts, the content of K is a key factor influencing the catalytic behaviors of 
catalysts. The increase in K content from 1 to 5 wt% increased both CO2 conversion 
and olefin selectivity. However, a too higher K content led to the decrease in the 
activity probably because of the decreases in the surface area and the CO2 
chemisorption capacity of the catalyst. The presence of boron in the K-modified Fe 
catalyst with an appropriate content was found to be beneficial to the selectivity to 















increasing the content of boron from 0.5 to 5.0 wt%, the selectivity to C2-C4 olefins 
increased from 34% to 52%. The selectivity and yield to C2−C4 olefins was 40% and 
12% over the 1.0 wt% B−5.0 wt% K+−Fe catalyst.  




























































IPCC（Intergovernmental Panel on Climate Change）气候变化 2007 年度综合报告
指出，全球地表温度近五十年的线性变暖趋势几乎是近一百年的两倍；1961 年




过程中，大量的 CO2 被排放到大气中导致温室效应，而且 CO2 的排放量还在逐
年递增。如 Table 1-1 所示,自第一次工业革命后，CO2 浓度增长率从工业革命之
前的 0.01 ppm/year 上升至 0.2 ppm/year，足足增长了 20 倍，其后随着工业的不
断发展，对能源的需求不断上升，CO2 浓度的增长率也不断上升，近年来该增长
率已达到 2.6 ppm/year，超过了第一次工业革命前的 260 倍，总浓度也上升了
37%。 
 
Table 1-1 大气中 CO2 浓度的增长
[7] 
年份 时间长度 浓度 浓度增长 增长率 
（年） （ppm） （ppm） （ppm/年） 
1000—1800 800 270~280 10 0.01 
1800—1950 150 280~310 30 0.20 
1958—1975 17 315~330 15 0.90 
1975—2002 27 330~370 40 1.50 
2002—2007 5 370~383 13 2.60 
注：空气总质量 5.3×1021g (即 1ppm =53 亿吨)；1750 年工业革命前 CO2 浓
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